We report on the noise characteristics of double-barrier resonant-tunneling structures obtained from systematic noise measurements on three samples with dift'erent barrier structures. Our results provide direct evidence of incoherent tunneling and can be qualitatively understood if phase incoherence of the tunneling processes is taken into account. In this model the charge transport is solely determined by the electrontunneling probability through the two barriers as a whole. Therefore, full shot noise is expected for frequencies f' less than the reciprocal electron transit time. That is, the noise current power density S, is independent of f and S; =2eI, where I is the dc bias current and e is the electron charge. In the limit where inelastic scattering in the well is suSciently strong to destroy all phase coherence, the charge transport can be described by the sequential tunneling model. ' ' In this model electrons from the three-dimensional states in the emitter first tunnel into the two-dimensional states in the well, where they lose phase coherence, and subsequently tunnel out through the collector barrier. Since the electrons tunnel through the two barriers incoherently and the amount of dynamic charge stored in the well' also Auctuates, the noise is expected to differ from the full shot noise. Between these two limits the tunneling is partially coherent.
Double-barrier resonant-tunneling structures (DBRTS) have been studied extensively since the original analysis by Esaki and Tsu, ' and low-frequency noise measurements have recently been employed to identify electron traps in such structures.
The noise characteristics of the DBRTS depend on the degree of phase coherence of the tunneling of electrons through the two barriers. In the limit of no inelastic scattering in the well, the tunneling conserves phase coherence and can be described by the coherent tunneling model. ' In this model the charge transport is solely determined by the electrontunneling probability through the two barriers as a whole. Therefore, full shot noise is expected for frequencies f' less than the reciprocal electron transit time. That is, the noise current power density S, is independent of f and S; =2eI, where I is the dc bias current and e is the electron charge. In the limit where inelastic scattering in the well is suSciently strong to destroy all phase coherence, the charge transport can be described by the sequential tunneling model. ' ' In this model electrons from the three-dimensional states in the emitter first tunnel into the two-dimensional states in the well, where they lose phase coherence, and subsequently tunnel out through the collector barrier. Since the electrons tunnel through the two barriers incoherently and the amount of dynamic charge stored in the well' also Auctuates, the noise is expected to differ from the full shot noise. Between these two limits the tunneling is partially coherent.
For a simplified treatment we can assume that the current through the device consists of a coherent cornponent described by the coherent tunneling model and an incoherent component described by the sequential tunneling model, and that these components generate noise independently.
In this case" the noise is expected to be the overall result of the contributions from both current components.
In this paper we report on Subsequently, we averaged S, between 2.5 to 5 kHz to reduce the uncertainty of the data and the average S, is plotted against I in Fig. 2 . We note that when V is swept down (not shown in Fig. 1 
